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AND CIRCULAF.-AliC SECTIONS FROM TESTS B!f THE 

HACA VTIHG-FIOU METHOD 

By Horatn S. Eilefcy 

sumarr 

Comparative drag measurements at zero lift have l)ecn obtained 
at transonic speeds for two Bharp-leading-edce airfoils by the 
HACA wing-i'low method. One airfoil had a symmetrical circular-arc 
section end the other had o Byumetrical double-wedge eoction. Both 
airfoils had a thickness of 6 percent of the chord, were of rectan- 
gular plan form, and had an aspect ratio of 4.0. The tests covered 
a Mach number renge of 0.65 to 1.10. 

The results indicated that the principal difference in tlie 
drag characteristics of f e two airfoils at eero lift is the earlier 
drag rise of the dovjle-..tripe section. Although the double-wedge 
airfoil had a nomewhat higher drag throughout the Mach number range 
tosted, the difference decreased with increasing Mach number after 
the oneet of the drae rice of the circular-arc section, and at the 
highest Mach number attuined, 1.10, the drag coefficient for the 
two airfoils was about the same. 

H1TH0DÜCTI0N 

As part of an extensive research proprem being conducted by 
the HACA to determine the suitability of various nirfoil sections 
for controllable flights through tl;e transonic and Into the super- 
sonic speed range, two sharp-leeding-edge airfoils have been tested 
in the transonic speed range by the HACA wing-flow method. One 
airfoil had a cjmmetrical circular-arc section and the other had a 
symmetrical double-wedge section. The measurements Included: 
normal force, chord force, and pitching moment at various angles 
of attack. Mach numbers of the tests ranged from 0.65 to 1.10. 
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Although results of the testa are not aa yet completely 
evaluated, sufficient dat- are available to permit a comparison 
of the drag at zero lift of the two airfoils. These data are 
presented herein. 

APPABATOB, METHODS, ADD TESTS 
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The teat procedure and' equipment were earentinlly the 
those for previous vlng-flow tests of airfoils as described in 
references 1 and 2. The arrangement and dimensions of the two 
models are shown In flguro 1. Ono of the models had a symmetrical 
olroular-arc section end the othe'- hr \ a sjiDni>trlcal double-wedge 
section. Otherwise the model tUnrr, :'.ons were tht> same with a 
thickness of 6 percent, a r*i.!onjulor plen form, and an aspect 
ratio of U.O, considering the aix'plune wing as a reflection plane. 
The airfoils were mounted afeovo the win? of the airplane with a 
circular end plate attached to the end of the airfoil adjacent to 
the wing surface, as indicated Is figure 2. Although special tests 
were made to determine the tare drag of the end plate, the correc- 
tion, was not completely established and Is not applied to the data 
presented horein. The chordwise velocity gradients In the test 
region on the airplane wing as determined from static-pressure 
measurements at the wing surface vlth the model off are indicated 
in figure 3. The effect of these gradients Is not known; therefore, 
no correction has been attempted. However, velocities measured at 
the wing surface have Been corrected fey a factor of 0.98, as 
determined from special tests, to account for the decrease In 
velooity with d! stereo fr-.m the wing surface. 

Three tests of eaoh airfoil were made in high-speed dives to 
obtain a range of Reynolds number independent of Maoh number. The 
first dive covered an altitude range from 96,000 to 22,000 feet, 
the second from 16,000 to 12,000 feet, and the third dive from 
12,000 to 6000 feet. 

RESUUTS AMD DISOTSSI01I 
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The drag coefficients at zero lift of the airfoils with dovjbls- 
ve&ge and circular-arc sections are plotted against Mach number in 
figures >t(a) and U(b), respectively, for each of the three tests. 
The variation of Reynolds number with Mach number for the three 
testa Is shown In figure U(c). It is Indicated by the teat points 
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of figures 4(a) and 4(b) that any effect en the drag due to the 
differences In Reynolds numbers for the three tests Is vlthln the 
experimental accuracy. 

The absolute values of drag coefficients In figures 4(a) 
sad 4(b) are too high, due to the drag of the end plate. It was 
Indicated from the special tests previously mentioned that the 
drag coefficient of the end plf.te might he of the order of 0.07 
based on the area of the models. It appeared, however, that the 
drag coefficient of the end plat? uns relatively constant over the 
Mach number range and hence would bo expected to have little effect 
on the variation of drag coefficient with Mach number shown for the 
airfoils. 

The drag coefficients shor.T Jn f'/urve 4(a) and 4(b) are 
plotted together for comparison in figure 5. The principal dif- 
ference In drag characteristics of the two airfoils Is the earlier 
drag rise with the double- vedf;e section which occurs at a Mach 
number of about O.JP as compared to 0.S5 with the circular-arc 
airfoil. The drag reaches a maximum at about the same Mach 
number, 0,99, for both airfoils. The double-wedge airfoil has a 
somewhat higher drac throughout the Mach number range tested, 
but the difforonce decreases with increasing Mach number after 
the onset of the drag rise of the circular-arc section. At the 
highest Mach number attaint, 1.10, the drag coefficient of the 
two airfoils Is about the „ame. 

The results of drag tests of a symmetrical circular-arc 
section obtained by the free-fall method (reference 3) and by 
tests in the Iangley rectangular hlgh-spped tunnel (reference 4), 
and results of draß teats of a double-wedge section obtained In the 

Ames 1- by 3s~foot high-speed tunnel (unnubHshod date.), are also 
shown for comparison in flpure *5. The results of the free-fall 
tests cf the circulcir-cre section show close agreement with the 
present tests with regard to the ma,~nltude of the drag rise and 
the Mach numbers at which the drag break, end the maximum drag 
coefficient occur. Tho difference In absolute magnitude of the 
drag coefficients of the present tests end the free-fall test Is 
probably mainly due to the drag of the end plate used In the 
present Investigation. The results of the wind-tunnel tests agree 
with the present tests in that the start of the dreg rise with the 
double-wedge airfoil occurs at a substantially lower Mach number 
than with the airfoil of circular-arc section. The wind-tunnel 
tests show a somewhat earlier and steeper drag rise than Is 
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Jndloated by the present Investigation. The results of reference 5 
•how that these differences would toe expected, "because of the dif- 
ferent aspeot ratios used for the wind-tunnel and. wing-flow tests. 

i: 

i 

conclusions 

The results of comparative drag teats at sero lift on airfoils 
with a synnotrlcal double-wedge section and a symmetrical circular« 
arc section Indicate that the principal difference In the drag 
characteristics of the two airfoils la the earlier dra<j rise with 
the doüble-wedße sootion. Although the double-wodge airfoil had a 
somewhat higher drag throughout the Mach nuribor range tested, the 
difference decreased with inert Min ; Mach nratoer after the onset 
of the drag rioe of the circular-arc eection, and at the highest 
Mach master attained, 1.10, the drag coefficient for the tvo air- 
foils was about the same. 

Hational Advisory Coanittee for Aeronautics 
Langley Manorial Aeronautical laboratory 

langley Field, Va, 
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Figure 2.- Detail of mounting sharp-leading -edge 
airfoil on airplane wing. 
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